Introduction
The industrial applications of carbon materials started in the early age of the industrialisation. Carbon fibres have been used in filament bulbs. At the end of the 19th century carbon electrodes are applied in aluminium production plants. Since these days the European carbon industry is growing, ca. one century after the findings of Lavoisier that diamond and graphite are carbon allotropes.
The German industrial carbon industry is linked with the names of Siemens brothers. They founded in 1878 the Gesco (today the SGL-Carbon), twenty-nine years before the Rutgerswerke was founded. The latter company is famous for pitch processing and is now Germany's largest activated carbon producer. In 1870
German's specialist for natural graphite, Graphit Kropfmuhl, was founded. In 1873 the DEGUSSA (today Evonik) was founded; this company was famous for the noble metal processing and is now Germany's largest carbon black producer. In the year 1913 Ludwig Schunk and Karl Ebe founded the Schunk Ebe OHG.
They started with the production of carbon brushes. It is still an important business.
It took about one century more to found an association to promote carbon science and the exchange of experiences in this field.
Following a proposal of Professor P. Boehm the German Carbon Group"Arbeitskreis Kohlenstoff" was founded. The first chairman of the group was Dr. Ragoss (Siemens Plania forerunner of the SGL-Carbon). Since these times the German carbon research 
Rutgers Chemicals (CarboTech)
The activities in field of activated carbon, carbon molecular sieves and pressure swing adsorption is sourced out to CarboTech AC. The production of sorbents is based mainly on coal precursors.
The activation takes place in rotary kilns and multi hearth furnaces. 
Evonik-Degussa
The leading carbon black producer in Germany is EvonikDegussa. The production covers lamp black, furnace black, gas black, and thermal black. Fig.3 shows the different processes for carbon black production. The main product is furnace black. The properties of the derived carbon black can be influenced by temperature, reaction time, precursor, and additives. The thermal energy for the carbon black process is supplied by the combustion of gas. The precursor is injected in the hot zone of the combustion chamber. To achieve a narrow residence time distribution the gascarbon black mixture is quenched by a water spray. Fig.4 shows the particle distribution of different carbon black processes. Low particle sizes can be obtained by the gas black process. The precursor of this process is oil. This is evaporated using purge gas flow. This gas mixture is burned in a diffusion flame. The small by the use of micoporous carbons to prevent the infiltration of pig iron in the carbon bricks. Another concept is the use of hot formed bricks with a lower solubility than the carbon in unsaturated pig iron. Additionally, the bricks are able to compensate thermal stresses.
In the frame of a ceramic cup the melting zone is covered with a ceramic lining. Therefore, the carbons lying behind are protected. In the frame of nuclear graphite radiation experiments became important again to determine the volumetric change and the change in thermal conductivity due to neutron flux. Fig.9 shows the Volume change by neutron radiation. influence of the neutron fluence and the temperature on thermal expansions). In the low dose region shrinkage can be found and for large neutron fluence volume expansion is detected. The amount of maximum shrinkage is lower at higher temperatures. Fig.10 shows the radiation behaviour of different nuclear graphites from different suppliers. Table 1 sums up the considered samples.
The lowest shrinkage could be found for the samples produced by UCAR. 4 of the 6 samples have a shrinkage of about 4-5% for a dose of 8 dpa. Due to the damaging of the graphite crystallites the phonon scattering is increasing. Therefore, the thermal conductivity is reduced significantly by neutron dose. Fig.11 shows the thermal conductivity of extruded graphite for both directions with grain and against grain. Due to phonon-phonon interaction the thermal conductivity of the undamaged sample is decreasing with increasing temperature. The phonon scattering at the produced voids reduces the thermal conductivity significantly. Therefore, the thermal conductivity is increasing with increasing temperatures due to the temperature dependency of the specific heat capacity.
Schunk Kohlenstofftechnik
Schunk is working on mesophase based carbon products besides many other carbon materials. Fig.12 shows the standard process for an artefact production consisting of pre-processing like grinding and screening, mixing with a binder, forming, baking, impregnation, rebaking for approximately 30 days, and graphitisation. Fig.13 shows the artefact production on a mesophase base. The Table 2 Properties of fine grained graphite and mesophase graphite. pre-process steps are again grinding and screening. No binder is needed using this precursor. Therefore, forming and baking are the next steps. The precursor supersedes an additional impregnation.
Therefore, 30 day rebaking is unnecessary. The final step is again the graphitisation to obtain the carbon artefact. Table 2 shows the properties of such a material in contrast to fine grained graphite.
University of Erlangen
In contrast to the production of a carbon artefact net-shapeprocesses are investigated by the University of Erlangen. In detail they are working on the injection moulding of mesophase based holder. Fig.17 shows the sample holder in detail. It consists of aperture for the gas flow, the mounting, and the sample to be infiltrated. Fig.18 shows the density development during rapid CVI and standard CVI processes for different characteristic length of the sample. First of all the infiltration time is reduced significantly by this method. The differences in the characteristic length have a larger influence on the standard procedure than on the r-CVI procedure. To achieve a density of approximately p=1400 kg/m3 the process time is reduced in the standard method from 9 h to 5 h by reducing the characteristic length from 40 mm to 24 mm. It has to be paid attention to different densities of the pre-cursor. In the case of r-CVI the ratio of infiltration time is lower than for the standard infiltration process. This hints to a more reaction limited process in the frame of r-CVI and therefore a denser product than for the standard process can be expected.
The main advantages of the r-CVI technique is lowering the cycle time by a factor of 10, high true density in the range of 1800 kg/m3, tailor-made structure by process control.
